INTRODUCTION {#S0001}
============

Omega-3 fatty acids are among the most commonly prescribed supplements with a remarkable worldwide market. In 2011, people spent around \$25 billion on omega-3 supplements. This amount is estimated to approach \$35 billion in 2016 ([@CIT0001]). While these supplements have been tried in various medical conditions including gastrointestinal, rheumatic, psychiatric, metabolic, renal, dermatologic, and pulmonary problems, they have been most commonly used for primary and secondary prevention of cardiovascular disease (CVD) ([@CIT0002]--[@CIT0013]).

Structure, Sources, and Biosynthesis {#S20002}
------------------------------------

Omega-3 fatty acids are a group of poly-unsaturated fatty acids with multiple double bonds, with the first being on the third carbon counting from the methyl end (omega carbon) of the chain ([@CIT0014]). The major types of long chain omega-3 fatty acids include eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) with 20 and 22 carbons, respectively. EPA and DHA are mainly gained from seafood consumption. Small amounts of EPA and DHA can also be synthesized in the body using alpha linolenic acid (ALA), an 18-carbon omega-3 fatty acid found in plants such as flaxseed, canola and walnuts ([@CIT0015]). Docosapentaenoic acid (DPA) is another long chain omega-3 fatty acid and a metabolite of DHA thought to be formed through the internal metabolic pathways rather than dietary intake.

Molecular and Cellular Effects of Omega-3 Fatty Acids {#S20003}
-----------------------------------------------------

The composition of lipids in the cell membrane affects multiple cellular functions. Animal studies show that adding omega-3 fatty acids to cell membrane can alter cellular function by interaction with and modulation of membrane channels and proteins; thereby changing the physiochemical properties of cell membrane. Membrane-incorporated omega-3 fatty acids might be able to alter membrane protein signaling. Also, the integration of omega-3 fatty acids into cell membrane in animal studies resulted in changes in H-Ras signaling protein and suppressed protein kinase C-theta signaling ([@CIT0015]).

Omega-3 fatty acids exert anti-inflammatory properties through different mechanisms. Some animal studies show that omega-3 fatty acids can suppress the production of interleukin-2 and inhibit lipopolysaccharide-induced inflammation ([@CIT0015]). They also bind to specific nuclear receptors and transcription factors such as PPAR-α, HNF-4α and SREBP-1c that regulate gene expression ([@CIT0015]). The rapid modulation of transcription can directly impact the inflammatory pathways. Furthermore, omega-3 fatty acids suppress the acute phase reactants ([@CIT0016]). Omega-3 fatty acids also modify the production of eicosanoids (such as reducing the levels of thromboxane A~2~ and leukotriene B~4~); thereby leading to reduced inflammation. It has been hypothesized that such anti-inflammatory properties may reduce vascular atherogenic inflammation ([@CIT0015]).

Some studies, however, have questioned the effect of omega-3 fatty acids on inflammation. In a rat model of spinal cord injury, EPA and DHA administration could not reverse the hepatic inflammatory response induced by laminectomy or spinal cord injury. The study showed some anti-inflammatory effects for DHA, but none for EPA ([@CIT0017]). In a trial of 20 healthy athletes, daily supplementation with 3.6 grams of omega-3 fatty acids for 6 weeks did not alter cytokine response to strenuous exercise; nor did it change the blood concentrations of neutrophils and lymphocytes ([@CIT0018]).

Omega-3 fatty acids may also lead to improved endothelial function by promoting the release of nitric oxide from endothelial cells ([@CIT0019]). Omega-3 fatty acids also decrease resting systolic and diastolic blood pressure by incorporation of EPA and DHA into membrane phospholipids and therefore increasing systemic arterial compliance ([@CIT0019]).

Omega-3 fatty acids are also considered anti-thrombotic at very high doses, potentially increasing the bleeding time ([@CIT0020]). This might be explained by the ability of omega-3 fatty acids to inhibit platelets. EPA and DHA can lower tissue levels of arachidonic acid and replace it in cell membrane. EPA-derived eicosanoids are less vasoconstrictive and lead to less platelet aggregating effects than those derived from arachidonic acid ([@CIT0021]). In contrast to arachidonic acid that is metabolized to thromboxane A~2~, omega-3 fatty acids are metabolized to thromboxane A~3~, which is not as potent as thromboxane A~2~ in activating platelets and triggering vasoconstriction ([@CIT0020]). However, human trials are not suggestive of a consistent effect on coagulation factors and platelet aggregation, at least for commonly prescribed doses of omega-3 fatty acids ([@CIT0015]).

Omega-3 fatty acids might directly influence heart rate because they can inhibit myocyte voltage-gated sodium channels and prolong the relative refractory period. Therefore, higher voltages will be required to depolarize the cell membrane and the heart rate will decrease ([@CIT0019]).

Effects on CVD Risk Factors {#S20004}
---------------------------

It is well established that omega-3 fatty acids decrease serum levels of triglycerides, partly through reduced hepatic synthesis of very low-density lipoprotein and partly by boosting the degradation of fatty acids and accelerating triglyceride clearance from the plasma ([@CIT0015], [@CIT0022]).

With regard to their effects on lipoproteins, randomized controlled trials have yielded mixed results. Most trials using DHA have shown an increase in low-density lipoprotein; while this happened in less than half of the trials using EPA ([@CIT0022]). High-density lipoprotein has been shown to increase in most patients using DHA supplementation; however, the response to EPA supplementation has been variable ([@CIT0022]).

Some studies have shown the effect of omega-3 fatty acid supplements on improving flow-mediated arterial dilation and improvement of the mechanical function of the heart ([Figure 1](#F0001){ref-type="fig"}) ([@CIT0015], [@CIT0019]).

![Possible Effects of Omega-3 Fatty Acids on Cardiovascular Risk.](Tanaffos-13-006-g001){#F0001}

Mediterranean Diet, Fatty fish and Heart Disease {#S20005}
------------------------------------------------

Large population-based studies have shown that consuming boiled or baked fish, is strongly associated with reduced heart rate and systemic vascular resistance and lower incidence of ischemic heart disease and heart failure ([@CIT0023]--[@CIT0025]).

Dietary guidelines offered by the American Heart Association recommend the consumption of a variety of fish (preferably oily fish such as salmon, herring, and mackerel) at least twice a week ([@CIT0026]). There is consistent evidence of benefits of fish consumption for cardiovascular health. Modest consumption of fish (e.g. 1-2 servings per week), especially species higher in EPA and DHA is associated with reduced risk of coronary death and total mortality ([@CIT0027]).

Fish and other seafood are a major component of the Mediterranean diet. This diet is also rich in olive oil, fruits and vegetables, nuts, and cereals; besides a moderate consumption of poultry as well as a low intake of red meat, processed milk and dairy products ([@CIT0028]).

Multiple studies have suggested benefits for Mediterranean diet in reducing CVD risk factors ([@CIT0028]). More importantly, a recent primary prevention randomized trial of over 7000 people with high risk of vascular events showed that the Mediterranean diet supplemented with extra virgin olive oil, or with nuts, can reduce the rate of major cardiovascular events including myocardial infarction (MI), stroke and death from cardiovascular causes ([@CIT0028]).

Omega-3 Supplements {#S20006}
-------------------

Omega-3 products are mostly available as over the counter supplements, but a few such as icosapent ethyl (Vascepa^®^) and EPA & DHA ethyl esters (Lovaza^®^) are prescription drugs. Over the past 2 decades multiple randomized trials have evaluated the efficacy of omega-3 supplements in various cardiovascular conditions, and have yielded mixed results.

Some trials have investigated the impact of omega-3 supplementation on decreasing cardiovascular events and mortality among patients with a history of MI or chronic heart failure. ([Table 1](#T0001){ref-type="table"}) ([@CIT0029]--[@CIT0033]); whereas others have determined their efficacy in mixed secondary prevention settings.

###### 

Trials investigating the role of omega-3 supplementation in decreasing cardiovascular events after acute coronary syndromes.

  Study                                              Patients Characteristics                               Median age (years)   Omega-3 dose g/day   Control   Duration (years)   Number of controls   Number of controls   Number of controls   Outcomes assessed                                            Effect size
  -------------------------------------------------- ------------------------------------------------------ -------------------- -------------------- --------- ------------------ -------------------- -------------------- -------------------- ------------------------------------------------------------ -----------------------------------------------------------------------
  **GISSI-Prevenzione Investigators** ([@CIT0030])   With history of MI                                     59.4 (mean)          1                    None      3.5                2828                 2828                 2828                 All-cause mortality, MI, stroke                              RR 0.80 \[95% CI 0.67-0.94\] for all-cause mortality
  **Galan et al** ([@CIT0029])                       With history of MI, unstable angina, ischemic stroke   61                   0.6                  Placebo   4.7                626                  626                  626                  All-cause mortality, MI, stroke                              HR 1.03 \[95% CI 0.72-1.48\] P = 0.88 for all-cause mortality
  **Kromhout et al** ([@CIT0031])                    With history of MI                                     69                   0.4                  Placebo   3.3                1236                 1236                 1236                 Cardiovascular events and mortality, cardiac interventions   HR 1.01 \[95% CI 0.87-1.17\] P = 0.93 for major cardiovascular events
  **Rauch et al** ([@CIT0032])                       With history of MI                                     64                   1                    Placebo   1                  1893                 1893                 1893                 All-cause mortality, sudden cardiac death                    OR 1.25 \[95% CI 0.90-1.72\] P = 0.18 for all-cause mortality

**MI**: myocardial infarction, **CVD**: cardiovascular diseases, **RR**: relative risk, **HR**: hazard ratio, **OR**: odds ratio, **CI**: confidence interval

Four trials studied patients with history of acute coronary syndromes. An open-label randomized controlled trial in the pre-statin era in Italy demonstrated that supplementation with 1 gram per day omega-3 significantly decreased combined primary endpoint of death, non-fatal MI, and non-fatal stroke among 2836 patients over a median follow up period of 42 months ([@CIT0030]). A double blind, randomized, placebo controlled trial in France found no significant decrease in major cardiovascular events including cardiovascular mortality among 633 patients following the daily consumption of 600 mg omega-3 supplement for a median period of 4.7 years ([@CIT0029]). Another randomized double blind placebo controlled trial in the Netherlands showed that supplementation with an average of 226 mg EPA and 150 mg DHA per day did not significantly reduce the incidence of major cardiovascular events among 1192 patients during a period of 40 months ([@CIT0031]). The *OMEGA*, (a randomized, double blind placebo controlled trial to test the effect of highly purified omega-3 fatty acids on top of modern guideline-adjusted therapy after myocardial infarction) in Germany found no additional protection against sudden cardiac death and other cardiovascular events among 1925 patients treated with guideline-adjusted treatment of acute MI plus 1 gram omega-3 per day for one year ([@CIT0032]).

In the context of heart failure, a randomized double-blind placebo-controlled trial in Italy showed a slight decrease in the risk of CVD mortality and hospital admissions due to cardiovascular reasons following daily consumption of 1 gram of omega-3 supplement for a median period of 3.9 years among 3494 patients ([@CIT0033]). However, surprising for a well-designed randomized trial, the study endpoints reached statistically significant differences across the arms only after adjustment for imbalances in baseline characteristics.

Electrophysiological effects of omega-3 fatty acids on animal myocytes are suggestive of their anti- arrhythmic properties; but human trials concerning arrhythmia show conflicting results ([@CIT0015]). Multiple clinical trials have tried to determine the clinical utility of such presumable electrophysiological properties; while a trial of 205 patients with atrial fibrillation (AF) showed that 1 year supplementation with a daily dose of 2 grams omega-3 helped maintain sinus rhythm after direct current cardioversion, two other trials among 586 patients with AF and 546 patients with implantable cardioverter defibrillators and history of malignant ventricular tachycardia or ventricular fibrillation did not show a decrease in recurrent AF and tachyarrhythmia after nearly a year of supplementation with 1 and 2 grams omega-3 supplements, respectively ([@CIT0034]--[@CIT0036]).

There are no pure primary prevention trials to have tested the impact of omega-3 supplements on hard endpoints. However, a trial of 328 healthy individuals aged 18 to 37 years in England showed that despite lower levels of serum triglycerides and very low-density lipoprotein, no improvement in endothelial function occurred after supplementation with 1.6 gram DHA for 16 weeks.

Net Benefit {#S20007}
-----------

As summarized above, results of multiple prior randomized trials were mixed, with some suggestive of cardiovascular benefits for omega-3 supplements and some not confirming their efficacy. To address this important clinical dilemma, a recent systematic review investigated all randomized trials that were completed about the cardiovascular effects of omega-3 supplementation in adult participants between 1989 and 2012 ([@CIT0037]). This review included 20 studies of a total of 68,680 randomized patients. The median follow-up period for these trials was 2 (1.0-6.2) years, and half of the included trials had been conducted during the period when statins were routinely recommended for cardiovascular risk modification (i.e. 1998 or later). The study showed that omega-3 fatty acids were not associated with significant decrease or increase in all-cause mortality (relative risk \[RR\]= 0.96; 95% confidence interval: 0.91-1.02; risk reduction: −0.004, 95% confidence interval: −0.01 to 0.02), sudden death, MI, or stroke ([@CIT0037]). Another recent systematic review by Kotwal et al, also showed that omega-3 supplementation was not associated with a significant reduction in composite cardiovascular endpoints (RR=0.96; 95% confidence interval: 0.90-1.03; P=0.24)([@CIT0038]).

Since publication of these systematic reviews, 3 additional trials have been published. *OPERA* (the Omega-3 Fatty Acids for Prevention of Post-operative Atrial Fibrillation), a double-blind placebo-controlled randomized trial; which was published later, investigated the effects of perioperative omega-3 supplementation on postoperative atrial fibrillation (AF) among patients undergoing cardiac surgery. The results showed no significant decrease of the risk of postoperative AF by omega-3 supplements compared with placebo ([@CIT0039]). This finding is compatible with that of Kowey et al, who investigated more than 600 patients with AF in a randomized double blind placebo controlled trial. In their study, a 24-week treatment with omega-3 supplements did not decrease the rate of recurrent AF ([@CIT0040]). Finally, another double-blind placebo-controlled clinical trial investigated the effects of omega-3 supplementation on a cohort of more than 12,500 patients with multiple cardiovascular risk factors or atherosclerotic vascular disease with no history of MI. After a median of 5 years of follow up, daily supplementation with 1 gram omega-3 fatty acids did not reduce the incidence of the study's primary endpoint, defined as time to death from cardiovascular causes or hospital admission due to cardiovascular causes ([@CIT0041]).

Considering the benefits of omega-3 fatty acids on CVD risk factors, how can we justify the conflicting and uncertain effect of omega-3 supplements on hard cardiovascular endpoints? There could be several explanations. First, publication bias, selective reporting, or even selective citation in favor of studies suggestive of beneficial effects of omega-3 fatty acids on CVD risk factors is possible. For example, the positive GISSI-Prevenzione trial ([@CIT0030]) has been much more frequently cited compared with similar trials that yielded negative results ([Figure 2](#F0002){ref-type="fig"}).

![Comparison of citations to trials with positive and negative results.](Tanaffos-13-006-g002){#F0002}

In other words, it is possible that the presumed basic and clinical benefits of these supplements are less robust than widely thought. However, due to selective reporting, publication bias, or selective citation, positive studies get more popularized. Second, it has been known that improving a risk factor would not necessarily lead to an improvement in hard endpoints such as mortality ([@CIT0042]). In fact, it might be reductionist to consider fatty fish identical to omega-3 fatty acids, as some authors do. Fish may contain many more active ingredients that we are not yet fully aware of. Aside from omega-3 fatty acids, fish would contain other proteins, vitamin D, selenium, and several mineral elements. A recent systematic review of 26 prospective cohort studies and 12 randomized controlled trials determined the association between fish consumption and also omega-3 supplements with cerebrovascular diseases including ischemic and hemorrhagic stroke, or transient ischemic attack with aggregate data on 794,000 non-overlapping people ([@CIT0043]). The systematic review indicated that although consumption of fish had a moderate inverse association with the risk of cerebrovascular events, there was no such association between circulating levels of omega-3 fatty acids and supplements with cerebrovascular diseases ([@CIT0043]).

Financial and Safety Issues {#S20008}
---------------------------

The widespread use of omega-3 supplements implies huge financial expenditure on products of dubious benefits ([@CIT0044]). Furthermore, contrary to the common public belief, supplements are not necessarily devoid of harm ([@CIT0045], [@CIT0046]). One potential safety concern with omega-3 supplement use is the risk for hemorrhagic stroke. At very high doses (e.g. 15 grams per day), omega-3 fatty acids increase bleeding time ([@CIT0015]). In a randomized trial of more than 18,600 hypercholesterolemic Japanese patients for supplementation with 1.8 gram per day of EPA (the JELIS trial) the adverse experience of hemorrhage (cerebral, fundal, epistaxis, and subcutaneous) was significantly more frequent among the patients in supplement group and though not significant, the incidence of hemorrhagic stroke was also higher ([@CIT0047]). In a secondary prevention trial with 1.7 gram per day omega-3 supplementation among patients undergoing regular hemodialysis, reported cases of bleeding (including gastrointestinal, cerebral, and other) were 15 among 103 patients in treatment group versus 7 among 103 patients in control group ([@CIT0048]). Numerically higher cerebrovascular events were also observed in GISSI-HF and OMEGA trials among patients using supplements ([@CIT0032], [@CIT0033]). Although not significant, GISSI-Prevenzione trial also showed a trend toward excess strokes in the omega-3 arm ([@CIT0030]). The systematic review by Chowdhury et al. showed that in secondary prevention trials cerebrovascular events were more common among participants in the supplement group than the control group ([@CIT0043]).

CONCLUSIONS {#S0009}
===========

Despite the abundance of studies concerning omega-3 supplements, evidence is not clear about the benefits of these supplements, with both positive and negative trials. One potential challenge over the past several years has been the reporting of positive pieces of evidence by both industry and pro-omega-3 nutritionists/academics while undervaluing the equally robust, if not more robust, negative studies. Also, these products might not be free from risk and the particular risks for bleeding and hemorrhagic stroke deserve further attention.

In summary and in light of the current best evidence, we can conclude that omega-3 supplements might possibly confer cardiovascular benefits but their benefits will be minimal, if any. We are also unsure if there is a subset of patients that would benefit most from this supplementation. Further ongoing investigations could be helpful in that regard. And finally, would the current best evidence lend support to widespread use of omega-3 supplements for primary or secondary CVD prevention? Our answer given the existing evidence would be "no". Why not starting with the well-balanced Mediterranean diet, instead?
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